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The e+e" ^ K+R- cross section and charged-kaon electromagnetic form factor are measured 
in the e'''e~ center-of-mass energy range (E) from 2.6 to 8.0 GeV using the initial-state radiation 
technique with an undetected photon. The study is performed using 469 fb“^ of data collected 
with the BABAR detector at the PEP-II e^e~ collider at center-of-mass energies near 10.6 GeV. The 
form factor is found to decrease with energy faster than l/E^, and approaches the asymptotic QCD 
prediction. Production of the K~ final state through the J/%p and tp{2S) intermediate states is 
observed. The results for the kaon form factor are used together with data from other experiments to 
perform a model-independent determination of the relative phases between electromagnetic (single¬ 
photon) and strong amplitudes in J/ip and 'ip{2S) —>■ K'^K~ decays. The values of the branching 
fractions measured in the reaction e^e“ —>• K^K~ are shifted relative to their true values due to 
interference between resonant and nonresonant amplitudes. The values of these shifts are determined 
to be about ±5% for the J/tf meson and ±15% for the '!/>(2S) meson. 

PACS numbers: 13.66.Be, 14.40.Df, 13.40.Gp, 13.25.Gv 


I. INTRODUCTION 

The timelike charged-kaon form factor Fk has been 
measured precisely in the thresholdM-meson region [ll- 
and by several experiments in the center-of- 

mass (c.m.) energy range 1.1-2.4 GeV, where substantial 
structure is evident. At higher energies, there are precise 
measurements at 3.671 GeV 0, 3.772, and 4.170 GeV 
and there is a scan that extends to 5 GeV 0. The en¬ 
ergy dependence of these higher-energy data is consis¬ 
tent with the asymptotic form predicted by perturbative 
quantum chromodynamics (pQCD), but their magnitude 
is about a factor of four higher than the predicted asymp¬ 
totic value M 

Mx+f^-\FK{MK+K-)\=S>TrasfK, ( 1 ) 

where is the K~^K~ invariant mass, ag is the 

strong coupling constant, and fx = 156.2 ±0.7 MeV [ll|, 
p. 1027] is the charged-kaon decay constant^. It is ex¬ 
pected that the difference between the data and the 
asymptotic QGD prediction will decrease with increas¬ 
ing energy. Precise measurements at higher energies are 
needed to test this expectation. 

In this paper we analyze the initial-state radiation 
(ISR) process e+e“ —>■ AT+AT^y. The K^K~ mass spec¬ 
trum measured in this process is related to the cross sec¬ 


*Now at: University of Tabuk, Tabuk 71491, Saudi Arabia 

^Now at: Laboratoire de Physique Nucleaire et de Hautes Energies, 
IN2P3/CNRS, F-75252 Paris, France 

^Now at: University of Huddersfield, Huddersfield HDl SDH, UK 

§ Deceased 

^Now at: University of South Alabama, Mobile, Alabama 36688, 
USA 

**Also at: Universita di Sassari, 1-07100 Sassari, Italy 
^ We note that this value is larger by a factor of \/2 than that 
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tion of the nonradiative process e“^e“ —>■ K'^K~. Our 
previous measurement of Fx 0 used the “large-angle” 
(LA) ISR technique, in which the radiated photon is de¬ 
tected and the e+e" —>■ AT+AT^y event is fully recon¬ 
structed. This gives good precision near threshold, but 
the cross section decreases rapidly with increasing en¬ 
ergy, limiting that measurement to energies below 5 GeV. 
In this paper we utilize small-angle (SA) ISR events, in 
which the ISR photon is emitted close to the e“''e“ colli¬ 
sion axis, and so is undetected. This allows us to perform 
an independent and complementary measurement of the 
charged-kaon form factor, which has better precision in 
the range 2.6-5 GeV, and extends the measurements up 
to 8 GeV. 

The Born cross section for the ISR process integrated 
over the kaon momenta and the photon polar angle is 

‘^(^k+k-j{Mx+x -) _ 

dMx+x~ 

- W{s,x) ax+x-{Mx+x-), ( 2 ) 

where s is the e+e” c.m. energy squared, x = 2E* * * § ** ly/s = 
1 — /s, and E* is the ISR photon energy in the 

e+e" c.m. frame^. The function W{s,x), describing 
the probability for single ISR emission at lowest-order 
in quantum electrodynamics, is known to an accuracy 
better than 0.5% [T2l-[l^. The e+e“ —>■ AT+AT” cross 
section is given in terms of the form factor by 

<^k+k-{Mx+x-) = - \FK{Mx+x-)f, (3) 


^ Throughout this paper, an asterisk denotes a quantity that is 
evaluated in the e'*"e“ c.m. frame, while quantities without as¬ 
terisks are evaluated in the laboratory frame. 
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where a is the fine-structure constant, /3 = 

1 — and C is the final-state cor¬ 

rection, which, in particular, takes into account extra 
photon radiation from the final state (see, e.g.. Ref. [II)- 
In the mass region under study the factor C is close to 
unity, and varies from 1.008 at 2.6 GeV/c^ to 1.007 at 
8 GeV/c 2 . 

In addition to the form factor, we measure the branch¬ 
ing fractions for the decays J/i!) —>■ K^K~ and '4>{2S) —>• 
K~^K~. For the latter we study the interference be¬ 
tween the resonant and nonresonant e“'"e“ —^ K^K~ 
amplitudes, and between the single-photon and strong 
Ip —>• KK amplitudes (with ip = J/ip, ip{2S)). As 
a result, we extract the interference corrections to the 
J/ip —>■ K^K~ and ip{2S) —>■ K'^K~ branching frac¬ 
tions, which were not taken into account in previous 
measurements, and determine the values of the phase 
difference between the single-photon and strong ampli¬ 
tudes in J/ip —7^ KK and ip{2S) —KK decays. In 
contrast to previous determinations of this phase Hi¬ 
ll^, we use a model-independent approach, calculating 
the single-photon decay amplitudes from our data on the 
charged-kaon form factor. 

II. THE BABAR DETECTOR, DATA, AND 
SIMULATED SAMPLES 

We analyze a data sample corresponding to an in¬ 
tegrated luminosity of 469 fb' recorded with the 

BaBAR detector at the SLAG PEP-II asymmetric-energy 
(9-GeV e~ and 3.1-GeV e+) collider. About 90% of the 
data were collected at an e+e“ c.m. energy of 10.58 GeV 
(the r(4S) mass), and 10% at 10.54 GeV. 

The BaBAR detector is described in detail else¬ 
where [13 . Gharged-particle tracking is provided by 
a five-layer silicon vertex tracker (SVT) and a 40-layer 
drift chamber (DGH), operating in the 1.5 T magnetic 
field of a superconducting solenoid. The position and 
energy of a photon-produced cluster are measured with 
a GsI(Tl) electromagnetic calorimeter (EMG). Gharged- 
particle identification (PID) is provided by specific ion¬ 
ization [dE/dx) measurements in the SVT and DCH, 
and by an internally reflecting ring-imaging Cherenkov 
detector (DIRC). Muons are identified in the solenoid’s 
instrumented flux return (IFR). 

Simulated samples of signal events, and background 
e“'"e“ -A- 7 r^ 7 r ~7 and events, are generated with 

the Phokhara [21| Monte Carlo (MC) event generator, 
which takes into account next-to-leading order radiative 
corrections. To obtain realistic estimates for the pion and 
kaon cross sections, the experimental values of the pion 
and kaon electromagnetic form factors measured in the 
CLEG experiment at = 3.67 GeV [3 are used in the 
event generator. The mass dependence of the form fac¬ 
tors is assumed to be l/m^, as predicted by asymptotic 
QCD M- The process e^e -A- e^e 7 is simulated with 
the BHWIDE event generator [13 . 



Pt,k"k (GeV/c) 


FIG. 1: The Pt,k+k- distribution for simulated e'^'e -A 
K+K- '7 events. The arrow indicates Px k+k~ ~ 0.15 
GeV/c. 

Two-photon background from the process e+e“ -A 
e+e-K+K- is simulated with the GamGam event gen¬ 
erator [13 . Background contributions from e“'"e“ —>■ 
qqi'jisn), where q represents a m, d, s or c quark, are 
simulated with the JETSET event generator [lj|. 

The detector response is simulated using the Geant4 
package [13 ■ The simulation takes into account the vari¬ 
ations in the detector and beam-background conditions 
over the running period of the experiment. 


III. EVENT SELECTION 

We select events with two tracks of opposite charge 
originating from the interaction region. The tracks must 
lie in the polar angle range 25.8° < 6 < 137.5° and be 
identified as kaons. The selected kaon candidates are 
fitted to a common vertex with a beam-spot constraint. 
The probability for this fit is required to be greater 
than 0.1%. 

Conditions on the K'^K~ transverse momentum 
{Pt,k+k-) and the missing-mass squared (MA^g) recoil¬ 
ing against the K'^K~ system are used for further selec¬ 
tion. The Pt,k+k- distribution for simulated e+e“ -A 
K'^K~x events is shown in Fig. [T] The peak near zero 
corresponds to ISR photons emitted along the collision 
axis, while the long tail is due to photons emitted at 
large angles. We apply the condition Pt.k+k- < 0.15 
GeV/c, which removes large-angle ISR and suppresses 
backgrounds from e+e” —>■ A'+A'“7r° and ISR processes 
with extra 7r° mesons. 

The region of low K'^K~ invariant mass cannot be 
studied with small-angle ISR due to limited detector ac¬ 
ceptance. A K^K~ pair with Px.ic+if- < 0.15 GeV/c is 
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FIG. 2: The distribution for simulated e'*"e ^ 

K^K~'y events. The arrows indicate = 1 GeV^/c^. 

detected in BaBAR when its invariant mass is larger than 
2.5 (4.2) GeV/c^ for an ISR photon emitted along the 
electron (positron) beam direction. The average values 
of the kaon momentum for the two photon directions are 
about 2.5 and 5 GeV/c, respectively. Since the probabil¬ 
ity for particle misidentification increases strongly with 
increasing momentum, we reject events with an ISR pho¬ 
ton along the positron direction. 

The distribution for simulated signal events is 

shown in Fig. [21 The signal distribution is peaked at 
zero, while the background distributions are shifted to 
negative values for e“'"e“ -A- e+e “7 and /r+/i ~7 events 
and to positive values for ppj, two-photon and other ISR 
events. The condition |M^igg| < I GeV^/c'^ is applied 
to suppress background. Sideband regions in M^jgg and 
Pt,k+k- are used to estimate the remaining background 
from these sources, as described in Sec. IIVI 

The K^K~ invariant-mass spectrum for events se¬ 
lected with the criteria described above is shown in 
Fig. El A clear J/^/^ signal is seen in the spectrum, 
and there are also indications of small ipi^S) and XcO 
peaks. The XcO mesons are produced in the reaction 
e+e” —?► 'ip(2S)j -A- XcOll- The increase in the number 
of events for Mj^+x- > 6 GeV/c^ is due to background 
from the e+e” -A ijl~x process. To suppress the muon 
background we apply the additional condition that nei¬ 
ther kaon candidate be identified as a muon. Muon iden¬ 
tification is based mainly on IFR information, and does 
not make use of the DIRC and AE /dx measurements used 
for charged-kaon PID. For background events, 

the probability for at least one of the charged particles 
to be identified as a muon is about 88% (see Subsec¬ 
tion |IV^. The shaded histogram in Fig. El shows events 
with at least one identified muon candidate. The large 
muon background for larger values of M^+k- prevents 
us from providing results for M^+k- > 8 GeV/c^. 



4 6 8 

(GeV/c^) 


FIG. 3: The K'^K~ mass spectrum for selected K~x can¬ 
didates. The peaks near 3.1, 3.4, and 3.7 GeY/c? are from 
J/ijj, XcO, and 'ip{2S) decays to K^K~, respectively. The 
shaded histogram shows events with at least one identified 
muon candidate. 


The mass spectrum with hner binning in the region 
of the charmonium resonances (3.0-4.5 GeV/c^) is pre¬ 
sented in the Supplementary Material at [URL will be 
inserted by publisher], together with the mass resolution 
functions obtained from MC simulation with M^+k- 
near the J/ij) and '4>{2S) masses. 


IV. BACKGROUND ESTIMATION AND 
SUBTRACTION 


Sources of background in the selected sample are: 
other two-body ISR processes e+e” -A e+e^y, 

7 r+ 7 r“ 7 , and ppy; ISR processes containing additional 
neutral particles, e.g., e+e“ —Ar+iF“7r°7 and e+e“ —>■ 
'ip{2S)x -A XcJll Ar+A'“ 77 ; the two-photon pro¬ 
cess e+e” -A e~^e~K'^K~; and non-radiative e+e” —>• 
qq events containing a K'^K~ pair plus neutrals, e.g., 
e+e” —>■ K'^K~'k^. The background from the process 
e“'"e“ -A K'^K~t:^, which was dominant in our LA anal¬ 
ysis is strongly suppressed by the requirement on 
Pt,k+k-^ and is found to be negligible in the SA analysis. 
The cross section for e+e“ —pfrj is smaller than 

that for e“'"e“ -A K'^K~ "7 in the mass region of interest, 
and this background is reduced to a negligible level by the 
requirement jM^^jggj < 1 GeV^/c"^. The other categories 
of background are discussed in the following subsections. 























mLss (GeV V) 


m"™,, (GeV"/c") 


m"™,, (GeV"/c") 


FIG. 4: (Color online) The distributions for data (points with error bars) in three Mj^+k- intervals: (a) 5.5-6.0 GeV/c^, 

(b) 6.5-7.0 GeV/c^, and (c) 7.5-8.0 GeV/c^. The solid histogram is the result of the 6t described in the text. The dashed blue, 
dotted red, and shaded histograms show the contributions of signal, muon background, and ISR + two-photon background, 
respectively. 


TABLE I: The number of selected K'^K~ candidates (Adata), number of signal events (Asig), and estimated numbers of 
background events from e''"e“ —>■ (A^^.y), from the two-photon process e''"e“ e^e~K^K~ {N-y-y), and from ISR 

processes with extra neutral particle(s) such a e"’"e“ —^ K'^K ~and K'^K~2-k^^ (Aisr). In the last column, refers 

to the background from J/ip —>■ K~ events for 3.0 < Mpy+py- < 3.2 GeV/c^, from 'ip{2S) K'^K~ events for 3.6 < 

< 3.8 GeV/c^, and from 'ip{2S) —>■ Xcj7 K'^K~^ events for 3.2 < < 3.4 and 3.4 < Mj^+k- < 3.6 GeV/c^ 

(see Fig.jS)). Events with > 5.5 GeV/c? are selected with the looser condition —2 < < 1 GeV^/c^. For Asig, the 

first uncertainty is statistical and the second is systematic. For the numbers of background events, the combined uncertainty 
is quoted. 


Mk + k ^ (GeV/c^) 

-^data 

Asig 


N . y ^ 

Aisr 

^ 4 ’,x 

2.6-2.7 

76 

75 ± 9 ± 2 

< 0.1 

< 2 

0.6 ±0.5 

- 

2.7-2.8 

123 

121 ± 11 ± 2 

< 0.1 

< 2 

1.6 ± 1.0 

- 

2.8-2.9 

160 

157 ±13 ±2 

< 0.1 

2.6 ±1.9 

0.9 ±0.7 

- 

2.9-3.0 

157 

152 ±13 ±2 

< 0.1 

3.7 ±2.1 

1.3 ±0.9 

- 

3.0-3.2 

614 

297 ± 22 ± 3 

< 0.1 

7.3 ±2.8 

2.3 ±1.6 

307.1 ±21.3 

3.2-3.4 

290 

279 ± 17 ± 2 

< 0.1 

5.1 ±2.1 

1.8 ±1.3 

4.6 ± 1.6 

3.4-3.6 

237 

194 ± 16 ± 2 

< 0.1 

6.1 ±1.8 

3.1 ±2.0 

33.7 ± 13.8 

3.6-3.8 

212 

162 ± 16 ± 1 

< 0.1 

3.2 ±0.9 

1.5 ±1.0 

45.8 ± 11.0 

3.8-4.0 

156 

152±13±1 

< 0.1 

2.6 ±0.6 

1.4 ± 1.0 

- 

4.0-4.2 

108 

105 ± 11 ± 1 

< 0.1 

2.8 ±0.5 

0.3 ±0.4 

- 

4.2-4.4 

84 

81±9±1 

0.2 ±0.1 

1.2 ±0.2 

1.7 ± 1.0 

- 

4.4-4.6 

47 

44.7 ±6.9 ±0.6 

0.1 ±0.1 

1.2 ±0.2 

1.0 ±0.7 

- 

4.6-4.8 

43 

41.2 ±6.6 ±0.3 

0.1 ±0.1 

1.5 ±0.3 

0.2 ±0.3 

- 

4.8-5.0 

38 

36.2 ±6.2 ±0.5 

0.5 ±0.3 

0.8 ±0.2 

0.5 ±0.4 

- 

5.0-5.2 

28 

26.8 ±5.3 ±0.3 

0.2 ±0.1 

0.6 ±0.1 

0.4 ±0.4 

- 

5.2-5.5 

47 

45.2 ±6.9 ±0.6 

0.9 ±0.5 

0.6 ±0.2 

0.3 ±0.3 

- 

5.5-6.0 

42 

35.3 ±6.7 ±0.7 

6.0 ±3.7 

0.4 ±0.3 

0.7 ±0.5 

- 

6.0-6.5 

25 

10.9 ± 4.6 ± 1.2 

11.4 ±4.3 

0.3 ±0.2 

2.0 ±1.1 

- 

6.5-7.0 

34 

13.8 ±5.4 ±0.7 

18.5 ±5.6 

< 0.3 

0.8 ±0.6 

- 

7.0-7.5 

44 

7.5 ±5.3 ±1.9 

33.3 ±6.9 

< 0.5 

3.4 ± 1.8 

- 

7.5-8.0 

91 

0.0 ±7.0 ±2.0 

87.6 ± 10.5 

< 0.5 

3.5 ±1.9 

- 


A. Background from e“’'e e^e 7, 7, and 

7r+7r“7 


To be selected and thus to represent background for 
this analysis, both final-state charged tracks in e+e” —>■ 
e“'"e“ 7 , /r+/x“ 7 , and 7r+7r“7 events must be misidenti- 


fied as kaons and, and the missing-mass squared must be 
poorly determined. 

The probability to misidentify a pion as a kaon has 
been measured as a function of charge, momentum, 
and polar angle using a control sample of pions from 
Kg —>■ TT+TT" decays. Using the measured misidentifi- 
cation probabilities, we calculate weights for simulated 
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e+e —>■ TT+TT 7 events (see Sec. m to be identified as 
events, and estimate a 7r“'"7r“7 background rate 
relative to the signal rate ranging from 5 x 10“® 

at 3 GeV/c^ to about 5 x 10“^ at 7.5 GeV/c^. 

A similar approach is used to estimate the e“'"e“ —>■ 
e"'"e “7 background. The electron misidentification rate 
has been measured using e+e” —>■ e“''e “7 events with the 
photon detected at large angles. From MC simulation we 
estimate the electron contamination to be at most 0.5%. 
The PID requirements suppress e^e“ —^ e+e “7 events 
by a factor of about 10®. We have verified this suppres¬ 
sion by analyzing a sample of LA K~^K~^ candidates 
with the photon detected in the EMG. In this data sam¬ 
ple, surviving e+e“ —>■ e^e “7 events can be identified 
by requiring a small opening angle between the photon 
direction and that of one of the charged-particle tracks. 

In the subsequent analysis, we disregard possible back¬ 
grounds from e“'"e “7 and Tr+Tr^y events since their con¬ 
tributions are expected to be negligible. 

The e^e“ —> /i^/i “7 background is non-negligible for 
large values of PI^+k-. For M^+k- > 5.5 GeV/c^, we 
estimate the numbers of signal and background events in 
each of the five mass intervals listed in Table U by fitting 
the distributions in the range [—2, -fl] GeV^/c^, as 

shown in Fig. 21 using three components: signal events, 
the /i^/r “7 background, and the ISR -I- two-photon back¬ 
ground. The interval is extended to negative values 
to increase the sensitivity to e+e“ —>■ /r+/r “7 background 
and thus to better determine its contribution. The dis¬ 
tribution for signal events is taken from simulation and is 
centered at zero. The distribution for the back¬ 

ground is obtained using data events with at least one 
identified muon, and is shifted to negative values 

because of the muon-kaon mass difference. We also in¬ 
clude the small contributions from ISR and two-photon 
events estimated as described below in Secs. IIVBI and 
IIV Cl The fitted parameters are the numbers of signal 
(A^sig) and muon-background events. 

The results of the fits are listed in the last five rows 
of Table U and are shown in Fig. 2] for three representa¬ 
tive intervals of Mj^+k- ■ The first uncertainty in N^ig 
is statistical, while the second, systematic, uncertainty, 
accounts for the uncertainty in the numbers of ISR and 
two-photon background events. The Nsig results in Ta¬ 
ble |T] for Mj^+k- > 5.5 GeV/c^ are obtained with the 
condition — 2 < < 1 GeV^/c^. They can be scaled 

into our standard selection < 1 GeV^/c"^ by mul¬ 

tiplying the results in the 5.5-6.5 GeV/c^ and 6.5-7.5 
GeV/c^ mass ranges by 0.98 and 0.99, respectively. For 
Mr+k- > 7.5 GeV/c^ the scaling factor is consistent 
with 1.0. The scale factors are determined using simu¬ 
lated signal events. 

Below 5.5 GeV/c^, where the muon background is 
small, we adopt a simpler approach and estimate the 
number of ii~^ background events in each mass in¬ 
terval using the number of selected events Ni^ with at 
least one charged track identified as a muon. The number 


of background events is estimated as 

= C^(Ai^ - fci^Adata), (4) 

where evaluated as described below, is the ratio of 
the number of selected fj,~j events with no identified 
muon to the number of events with at least one identified 
muon, is the fraction of selected events with 

at least one identified muon, and Adata is the number of 
events in the respective Mr+r- interval. The value of 
kifj^ is taken from simulated signal events and varies from 
0.006 at Mr+r- = 2.6 GeV/c^ to 0.01 at Mr+r- = 5.5 
GeV/c2. 

Very few simulated ^"*"^“7 events have both tracks 
identified as kaons and neither identified as a muon, so 
Cfi is studied as a function of Mr+r- using the probabil¬ 
ity for an individual muon to be identified as both a kaon 
and a muon, assuming the probabilities for the two tracks 
to be independent. We find that does not exhibit a 
significant dependence on mass within the range of our 
measurements, 2.6-8.0 GeV/c^. Therefore, used in 
Eq. (21) is estimated from the fitted numbers of fjP 
events above 5.5 GeV/c^. We find = 0.14±0.01±0.08, 
where the first uncertainty is from the fits and the sec¬ 
ond accounts for the full range of values in different mass 
intervals in data and simulation (for purposes of infor¬ 
mation, the MG result is = 0.11). The resulting esti¬ 
mated numbers of /r+^^y background events are listed in 
TableHl For masses below 4.2 GeV/c^, (Ai^ — fci^Adata) 
is consistent with zero, and we take 0.1 as both an upper 
limit and uncertainty. 


B. Multibody ISR background 


Background ISR events containing a K'^K~ pair and 
one or more and/or rj mesons are distinguishable by 
their nonzero values of PI^iss Pt,k+k~j but some 
events with a small number of neutral particles still can 
enter the selected data sample. Figure EKa) shows the 
two-dimensional distribution of MP^^ versus Pt,k+k- 
for data events before the requirements on these two vari¬ 
ables, indicated by the lines, are applied. The bottom 
left rectangle is the signal region. The same distribution 
for simulated signal events is shown in Fig. EJb), and is 
similar in structure except for a deficit in the upper right 
rectangle, which we take as a sideband region. The distri¬ 
bution for ISR background events produced by JETSET 
is shown in Fig.EKc). It should be noted that most (98%) 
simulated background events in the signal region are from 
the process e“''e“ —>■ A+A“ 7 r° 7 , while the fraction in the 
sideband region is about 80%. 

The number of data events in the sideband region A 2 is 
used to estimate the ISR background in the signal region 
using 


Aisr 


A2 - PsigNi 

/^bkg ^sig 


(5) 
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FIG. 5: The distributions of versus Pt,k+k- for (S') data events, (b) simulated signal events, and (c) simulated ISR 

background events. Events in the J/ij) and XcO mass regions, 3.05 < < 3.15 GeV/c^ and 3.38 < < 3.46 

GeV/c^, are excluded from the distributions; regions near the Xc 2 and 'ip{2S) are not excluded, since their signal content is 
quite small. The lines indicate the boundaries of the signal region (bottom left rectangle) and the sideband region (top right 
rectangle). 




(GeV/c^) (GeV/c^) 


FIG. 6: The spectra for data (points with error bars) in the vicinity of the XcO and Xc 2 resonances for the 

Pt,k+k- ( s -) signal region and (b) sideband region. The solid histograms result from the fits described in the text. The dashed 
histograms represent the nonresonant contributions. 


where Ni is the number of data events in the signal re¬ 
gion, and Psig and Phkg are the N 2 /N 1 ratios from signal 
and background simulation, respectively. The coefficient 
Psig increases linearly from 0.046±0.005 at = 2.6 

GeV/c^ to 0.074 ± 0.005 at 8.0 GeV/c^, where the un¬ 
certainty is statistical, whereas /3bkg = 7.6 ± 1.0 ± 4.0 is 
independent of The first uncertainty in Phkg 

is statistical, and the second is systematic. The latter 
takes into account possible differences between data and 
simulation in the background composition, and in the 
kinematic distributions of e+e” —?► K'^ events. 

The regions 3.0-3.2 and 3.6-3.8 GeV/c^ contain reso¬ 
nant contributions from the decays J/ip —>■ K^K~ and 


ip{2S) —>■ K~^K~, respectively. The resonant and nonres¬ 
onant contributions are determined by the fits described 
in Sec. lVIIl and such fits are also applied to the sideband 
regions. The resulting numbers of nonresonant events, 
and N 2 , are used to estimate the ISR background. 

Similarly, the Mx+k- regions 3.2-3.4 and 3.4-3.6 
GeV/contain XcO and Xc 2 decays, as seen in Fig. [SI The 
XcJ states are produced in the reaction e“''e“ —>■ 'tp{2S)'y, 
followed by ip{2S) —>■ XcJ 7- A similar set of fits is used to 
determine N 2 , and the background contribution from 
the XcJ states, and the fit results are shown in Fig. [SI The 
estimated numbers of ISR background events are listed 
in Table U along with the fitted numbers of ip and Xcj 
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FIG. 7: The distribution for data (points with error 

bars) with 2.8 < < 3.0 GeV/c^ selected with all 

the criteria described in Sec. m except for the requirement 
l-^missl < 1 GeV^/c"*. The solid histogram is a sum of signal 
and background distributions obtained from MC simulation. 
The dashed histogram shows the distribution for two-photon 
events, and the shaded (almost invisible) histogram shows the 
small contribntion of all other background processes. The 
inset shows an enlarged view of the region —2 < < 10 

GeV^/c^. Above 10 GeV^/c'^ the solid and dashed histograms 
are indistinguishable. 


decays in the relevant mass intervals. 


C. Two-photon background 

Two-photon events corresponding to the process 
e+e“ —e+e“ 7 * 7 * —>■ e'^e~K'^K~ are distinguished by 
their larger values of Figure [7] shows the 

distribution for data events in the range 2.8 < Mx+k~ < 
3.0 GeV/c^ that satisfy all the criteria in Sec. IIIII ex¬ 
cept for that on The two-photon events, which 

dominate the large region, are generally seen to 

be well separated from signal events but to nonetheless 
have a tail that extends into the signal region < 1 

GeV^/c^. The exact shape of this tail depends on the un¬ 
known kaon angular distribution. Therefore, we reweight 
our simulation (generated with a uniform distribution) to 
reproduce the cos 6k distribution observed in the data in 
each Mk+k- interval; here 9k is the angle between the 
K'^ momentum in the K^K~ rest frame and the e~ 
beam direction in the e“'"e“ c.m. frame. The data and 
reweighted simulated cos 9 k distributions are compared 
in Fig. ISl The simulated distribution is shown in 

Fig. [3 where it is seen to reproduce the data well. 

The two-photon background in each Mk+k- inter¬ 
val is estimated from the number of data events with 
M^- > d and a scale factor from the simulation. The 



cos 


FIG. 8: The cos6k distribution for data (points with er¬ 
ror bars) and reweighted simulated events (histogram) with 
M^iss > 20 GeV^/c^ from the K~ mass range 2.8-3.0 
GeV/c^ 

distribution changes with Mk+k- j and the value 
of d is 20 GeV^/c^ for Mk+k- < 4.4 GeV/c^, 10 
GeV^/c^ for Mk+k- > 6.5 GeV/c^, and varies linearly 
in-between. The scale factor ranges from 10“^ in the 2.6- 
2.7 GeV/c^ interval to about 10“^ in the 7.0-7.5 GeV/c^ 
interval. However, the number of two-photon events de¬ 
creases with increasing Mk+k-- The estimated back¬ 
ground event contributions are listed in Table HI 

The numbers of signal events obtained after back¬ 
ground subtraction are listed in Table HI The first uncer¬ 
tainty in TVsig is statistical and the second is systematic. 
The systematic term accounts for the uncertainties in the 
numbers of e“'"e“ —> and two-photon background 

events, and the uncertainties in the coefficients /3sig and 
/3bkg in the ISR background subtraction procedure. 

V. DETECTION EFFICIENCY 

The detection efficiency, EmCj determined using MC 
simulation, is shown in Fig. 13 as a function of Mk+k-- 
The nonmonotonic behavior observed for Mk+k- > 5.5 
GeV/is introduced by filters designed to reduce back¬ 
ground before the event-reconstruction stage. 

Corrections are applied to Emc to account for data-MC 
simulation differences in detector response 

4 

e = £mc J^(l + (6) 

i=l 

where the 6i terms are the efficiency corrections listed 
in Table HD The difference between data and simula¬ 
tion in trigger efficiency is studied using the overlap of 
the samples of events satisfying two independent sets 
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TABLE II: Values of the efficiency corrections, Si. The three values in the rows “PID” and “total” correspond to = 2.6, 

6.0, and 7.5 GeV/c^, respectively. 


Effect 

(%) 

Trigger 

-1.0 ±0.5 

PID 

-2.0 ± 0.4/-4.0 ± 0.5/-10.0 ± 1.7 

Track reconstruction 

0.0 ± 1.6 

Requirements on k+k- ML^b 

0.0 ± 1.5 

Total 

-3.0 ± 2.3/-5.0 ± 2.3/-11.0 ± 2.8 
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FIG. 9; The K^K mass dependence of the detection effi- FIG. 10; The e'’'e —>■ K'^K cross section measured in this 

ciency for simulated e^e“ —>■ K^K~^ events. work. 


of trigger criteria based on signals from the EMC and 
DCH. The correction for trigger inefficiency is found to 
be (-1.0 ±0.5)%. 

The track-reconstruction efficiency for charged kaons 
has been studied in events with similar topology Q and 
we use the correction derived therein. The charged-kaon 
identification efficiency is studied as a function of the 
track momentum and polar angle using a control sam¬ 
ple of kaons from the decay chain D*^ —^ 7r+T)°,Z)° —>■ 
The ratio of the efficiencies is then used to 
reweight simulated signal events, resulting in an over¬ 
all correction that varies slowly from from —2% at 2.6 
GeV/c^ to —4% at 6 GeV/c^, and then falls to about 
— 10% at 7.5 GeV/c^. The statistical uncertainty in the 
correction term defines the systematic uncertainty in this 
correction. 

The remaining criteria are based on and 

Pt,k+k-i which we believe to be well simulated. The 
track momentum and angular resolutions have been stud¬ 
ied in, e.g.. Ref. [2^ for e+e“ —events with a 
detected photon. Based on this and similar variables in 
our previous ISR studies, we make no correction, and 
assign a conservative systematic uncertainty of 1.5% to 
cover these remaining factors. The corrections to the de¬ 


tection efficiency are listed in Table HIl 


VI. THE e+e- ^ K+R- CROSS SECTION 
AND THE CHARGED-KAON FORM FACTOR 


The e+e —^ K~^K cross section in each K'^K mass 
interval i is calculated as 


N ■ ■ 


(7) 


The number of selected events (Ngig^i) for each K~ 
mass interval after background subtraction is listed in Ta¬ 
ble Hill The iVgig values for > 5.5 GeV/c^ differ 

from the corresponding values in Table HI They are cor¬ 
rected to correspond to the nominal selection |M±gg| < 1 
GeV^/c^ as described in Sec. IIV Al The first uncertainty 
in Nsig is statistical; the second is systematic due to back¬ 
ground subtraction. The value of the ISR luminosity Li 
is obtained by integrating W{s, x) from Refs. [il,[il] over 
mass interval i and is listed in Table HE The formulas 
from Refs. BEl include higher-order radiative correc¬ 
tions. However, we do not include in W{s,x) corrections 
for leptonic and hadronic vacuum polarization in the pho- 
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TABLE III: The K^K~ invariant-mass interval number of selected events (A^sig) after background subtraction, 

detection efficiency (e), ISR luminosity (L), measured e^e~ —>■ K~ cross section {uji+K-)^ s-nd the charged-kaon form 

factor (|-Fir|). For the number of events and cross section, the first uncertainty is statistical and the second is systematic. For 
the form factor, we quote the combined uncertainty. For the mass interval 7.5-8.0 GeV/c^, the 90% CL upper limits for the 
cross section and form factor are listed. 


Mk+k- 

(GeV/c^) 

Aaig 

(%) 

L 

(pb-i) 

<^K+K- 

(Pb) 

\Fk\ X 100 

2 .6-2.7 

75 ± 9 ± 2 

0.96 

113 

69.3 ±8.1 ±3.7 

16.7 ± 1.1 

2.7-2.8 

121 ±11 ±2 

1.94 

118 

52.9 ±4.9 ±2.4 

15.0 ±0.8 

2 .8-2.9 

157 ± 13 ±2 

3.03 

122 

42.0 ±3.4 ±1.6 

13.7 ±0.6 

2.9-3.0 

152 ±13 ±2 

3.69 

127 

32.2 ±2.7 ±1.2 

12.4 ±0.6 

3.0-3.2 

297 ± 22 ± 3 

5.07 

271 

21.7 ± 1.6 ±0.6 

10.6 ±0.4 

3.2-3.4 

279 ± 17 ± 2 

6.43 

292 

14.8 ±0.9 ±0.4 

9.2 ±0.3 

3.4-3.6 

194 ± 16 ± 2 

7.81 

313 

7.92 ±0.63 ±0.24 

7.1 ±0.3 

3.6-3.8 

162 ± 16 ± 1 

9.15 

336 

5.26 ±0.51 ±0.16 

6.1 ±0.3 

3.8-4.0 

152±13±1 

9.80 

361 

4.30 ±0.36 ±0.13 

5.7 ±0.3 

4.0-4.2 

105 ± 11 ± 1 

10.8 

386 

2.52 ±0.25 ±0.08 

4.60 ±0.25 

4.2-4.4 

81 ± 9 ± 1 

11.0 

413 

1.79 ±0.20 ±0.06 

4.05 ±0.25 

4.4-4.6 

44.7 ±6.9 ±0.6 

11.9 

442 

0.85 ±0.13 ±0.03 

2.91 ±0.23 

4.6-4.8 

41.2 ±6.6 ±0.3 

12.5 

473 

0.70 ±0.11 ±0.03 

2.74 ±0.23 

4.8-5.0 

36.2 ±6.2 ±0.5 

13.1 

507 

0.55 ±0.09 ±0.02 

2.52 ±0.22 

5.0-5.2 

26.8 ±5.3 ±0.3 

12.9 

543 

0.38 ±0.08 ±0.02 

2.19 ±0.22 

5.2-5.5 

45.2 ±6.9 ±0.6 

14.4 

888 

0.35 ±0.05 ±0.01 

2.21 ±0.18 

5.5-6.0 

34.6 ±6.6 ±0.7 

13.5 

1710 

0.150 ±0.029 ±0.006 

1.54 ±0.15 

6.0-6.5 

10.7 ±4.5 ±1.2 

10.6 

2062 

0.049 ± 0.021 ± 0.006 

0.95 ±0.22 

6.5-7.0 

13.6 ±5.3 ±0.7 

11.6 

2523 

0.047 ± 0.018 ± 0.004 

1.00 ±0.20 

7.0-7.5 

7.4 ±5.3 ±1.9 

11.9 

3144 

0.020 ±0.014 ±0.004 

0 70 + 0-23 

‘' 0 _ o .36 

7.5-8.0 

0.0 ±6.9 ±2.0 

9.36 

4015 

< 0.024 

< 0.9 



FIG. 11: The charged-kaon electromagnetic form factor mea¬ 
sured in this analysis [BABAR (SA ISR)] in comparison 
with previous measurements: CLEG @|, Seth et al. Qj, and 
BABAR (LA ISR) @| in the mass region 2.6-5.0 GeV/c^. 
Only statistical uncertainties are shown. 


ton propagator. Cross sections obtained in this way are 
referred to as “dressed”. 

The values obtained for the e+e“ —^ K^K~ cross sec¬ 


tion are listed in Table Hill For the mass intervals 3.0-3.2 
GeV/c^ and 3.6-3.8 GeV/c^ we quote the nonresonant 
cross sections with the respective J/V' and ipi^S) con¬ 
tributions excluded. The quoted uncertainties are sta¬ 
tistical and systematic, respectively. The statistical un¬ 
certainty results from the statistical uncertainty in the 
number of selected K'^K~'y events. The systematic un¬ 
certainty includes the systematic uncertainty in the num¬ 
ber of events, the statistical uncertainty in the detection 
efficiency (1.5%-4.0%), and the uncertainties in the effi¬ 
ciency correction (2.6%-5.1%), the integrated luminosity 
(0.5%) [l^, and the ISR luminosity (0.5%) [H,[l^- For 
the mass interval 7.5-8.0 GeV/c^, the 90% confidence 
level (CL) upper limit on the cross section is listed. The 
measured cross section is shown in Fig. 1101 

It is more convenient to perform comparisons with pre¬ 
vious measurements and theoretical predictions in terms 
of the form factor. The values of the charged-kaon elec¬ 
tromagnetic form factor obtained using Eq. m are listed 
in Table Hill The form factor is plotted in Fig. [TT] as a 
function of M^+k- over the range 2.6-5.0 GeV/c^, to¬ 
gether with all other measurements [3, d, @ . The present 
measurement is consistent within the uncertainties with 
our previous, independent LA ISR result Q, which used 
a data sample corresponding only to 232 fb“^, and pro¬ 
vides a much better constraint on the mass dependence 
in this region. 

To cormare our results with the precise measurements 
of Refs. [1, 0, we plot in Fig. [T^lthe scaled form factor 
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FIG. 12: (Color online) The scaled charged-kaon electro¬ 
magnetic form factor measured in this analysis [BABAR 
(SA ISR)] and in other experiments: CLEO 0] and Seth 
et al. [^. Our data are approximated by a smooth curve. 
The dotted blue curve shows the LO pQCD prediction for 
the form factor obtained with the asymptotic kaon distribu¬ 
tion amplitude. The dot-dashed blue and dashed red curves 
are the NLO pQCD predictions obtained with the asymp¬ 
totic and Chernyak-Zhitnitsky distribution amplitudes, re¬ 
spectively. The inset shows an enlarged version of the mass 
region 3.4-4.2 GeV/c^. 


^k+k-\^k{Mx+k-)\ a-nd fit our data with a smooth 
function x'^\Fk{x)\ = B), where A, B, and 7 

are fitted parameters. As seen in the inset, the CLEO 
and Seth et al. points at 3.67 and 4.17 GeV/c^, respec¬ 
tively, are consistent with this function, whereas the Seth 
et al. point at 3.772 GeV/c^ lies about three standard 
deviations below. Since this data point is obtained at 
the maximum of the '0(3770) resonance, the deviation 
may be a result of interference between the resonant and 
nonresonant amplitudes of the e“'"e“ —^ K~ reaction, 
which we discuss in the next section. 

The dotted curve in Fig. [12] represents the leading- 
order (LO) asymptotic pQCD prediction of Eq. dTj), cal¬ 
culated with as(M^+^_/4) [^. It lies well below 
most of the data, which might be explained by higher- 
order pQCD, power corrections, and a deviation of the 
kaon distribution amplitude (DA), which describes the 
quark relative momentum distribution inside the meson, 
from its asymptotic shape. The dot-dashed curve rep¬ 
resents the leading-twist, next-to-leading-order (NLO) 
prediction using the asymptotic DA, obtained by mul¬ 
tiplying the pion form factor from Ref. [ 2 ^ by a factor 
fx/f^ ~ 1.45. The NLO correction leads to an increase 
of about 20%, nearly independent of mass. The dashed 
curve represents the NLO prediction using the Chernyak- 
Zhitnitsky (CZ) DA, obtained by multiplying the result 
in Ref. [ 2 ^ by a factor of 0.95 [ 23 . 


Our data lie well above all predictions. However, they 
decrease faster than as M^+k- increases, 

and are consistent with an approach to the pQCD pre¬ 
diction at higher mass. In particular, the ratio of the 
measured form factor to the asymptotic pQCD predic¬ 
tion (curve Asy(LO) in Fig. IT^ changes from about 5.3 
at 3 GeV/c^ to about 2.6 at 7 GeV/c^. 

VII. J/0 AND 0(25) DECAYS INTO K+R- 

To study the production of K^K~ pairs through the 
J/0 and 0(25) resonances, we increase the detection ef¬ 
ficiency by selecting events with the looser requirements 
Pt,k+k- < 1 GeV/c and -2 < < 3 GeV^/c"^. 

The resulting K^K~ mass spectra in the J/0 and 0(25) 
mass regions are shown in Fig. [T31 Each of these spectra 
is fitted with the sum of a signal probability density func¬ 
tion (PDF) and a linear background. The signal PDF is 
a Breit-Wigner (BW) function convolved with a double- 
Gaussian function describing signal resolution. In each 
fit, the BW mass and width are fixed to their known val¬ 
ues [TTj l and the nominal resolution parameters are taken 
from simulation. In order to account for deficiencies in 
the simulation, a mass shift AM is allowed, and an in¬ 
crease in both Gaussian widths by a term ao added in 
quadrature is introduced. The free parameters in the J/0 
fit are the numbers of signal and background events, the 
slope of the background function, AM, and ac. In the 
0(25) fit, ao and AM are fixed to the values obtained 
for the J/0. 

The fitted curves are shown in Fig. 1131 The numbers 
of J/0 and 0(25) events are found to be 462 ± 28 and 
66 ± 13, respectively. Results for other fitted parameters 
are cg = 3 ± 3 MeV/c^ and AM = Mj/^ — M^^ = 
(0.0 ± 0.9) MeV/c^. The ctg value corresponds to a dif¬ 
ference of about 4% in mass resolution (11 MeV/c^ at 
the J/0) between data and simulation. The detection 
efficiencies, corrected for the data-MC simulation differ¬ 
ence in detector response, are (7.6 ± 0.2)% for the J/0 
and (13.4 ± 0.3)% for the 0(25). 

The total cross sections for the processes e+e“ —>• 
07 —> where 0 is a narrow resonance like the 

J/0 or 0(25), is proportional to the electronic width of 
the resonance and its branching fraction into K~, 
i.e., = ay,r(0 —?► e“*'e“)il(0 —?► K'^K~). The 

coefficient can be calculated by integrating Eq. ([2]) 
with ax+K- set to the appropriate BW function. Us¬ 
ing W{s,x) from Refs. [H, [Hi, we obtain = 6.91 
nb/keV and 0 ^( 25 ) = 6.07 nb/keV. 

From the measured values of the cross sections, = 
NtIiKeL), we obtain the measured values of the prod¬ 
ucts r(0 —>■ e+e“)H(0 —>■ K^K~) listed in Table HVl 
The term “Measured value” is used because the value 
of the product obtained in this way may differ from 
the true value due to interference with the nonreso¬ 
nant process e+e” —>• K'^K~, as discussed below. The 
quoted systematic uncertainty includes the uncertain- 
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(GeV/c^) 


FIG. 13: The K'^K mass spectra in the regions near the J/'i/i 
of the fits described in the text. 



(GeV/c^) 


(a) and tp{2S) (b) resonances. The curves exhibit the results 


TABLE IV: The products e^e~)B(%li —>■ K^K~) and the branching fractions B{tp — >■ K'^K~) obtained in this work 

for the J/iji and ip{2S) resonances. The directly measured values are shown in the rows labeled “Measured values”. In the 
rows marked as “Corrected”, the values of the products and branching fractions corrected for the shift due to interference 
between resonant and nonresonant amplitudes are listed for opposite signs of sin(/p. In the row marked “e^e~ —>■ K'^ K~ 
average”, we give the average of the values of the branching fractions measured in the reaction e'*'e“ —>■ K'^K~. In the row 
“'i/i(2S) J/'K~, J/ijj —>■ K'^K~” , the result for the J/'i/i — ^ K^K~ branching fraction obtained Ref. [I^ is reported. 


r(0 ^ e+e-)B{ip K+K-) (eV) 

J/0 

0(25) 

Measured value 

Corrected with sirop > 0 

Corrected with sin 93 < 0 

1.86 ±0.11 ±0.05 

1.78 ±0.11 ±0.05 

1.94 ±0.11 ±0.05 

0.173 ±0.035 ±0.005 
0.147 ±0.035 ±0.005 
0.197 ±0.035 ±0.005 

R(0 ^ K+K-) X 104 

Jl^ 

0(25) 

Measured value 

Corrected with simp > 0 

Corrected with sin(p < 0 
e^'e- ^ K^K~ average 

0(25) ^ J/07r+7r-, J/0 K+K- [1^ 

3.36 ±0.20 ±0.12 

3.22 ±0.20 ±0.12 

3.50 ±0.20 ±0.12 

2.43 ±0.26 [3, 30,^ 

2.86 ± 0.21 

0.73 ±0.15 ±0.02 
0.62 ±0.15 ±0.02 
0.83 ±0.15 ±0.02 
0.71 ±0.05 [llj 


ties in the detection efficiency, the integrated luminos¬ 
ity (0.5%), and the theoretical uncertainty in the ISR 
luminosity (0.5%). Using the nominal values of the elec¬ 
tronic widths [IT|, T{J/tjj —>■ e“''e“) = 5.55±0.14keV and 
T{^|;{2S) —>■ e+e“) = 2.37 ± 0.04 keV, we calculate the 
measured values of the ip K'^K~ branching fractions 
fisted in Table HVl Since the decay —>■ K'^K~ was 

studied previously only in the reaction e“'"e“ —> K^K~^ 
our measurement of B{iIj{2S) —>■ K'^K~) can be directly 
compared with the PDG value [HI, (0.71 ±0.05) X 10-4. 
Although it is less precise, our measured value agrees well 
with that from Ref. [ll|. For J/ip ^ K'^K~ there are 


several measurements d, HO, [ 3 TII in the e+e — K'^K 
reaction, and one measurement [l8l| in which J/'tp^s were 
produced in the tp{2S) —>■ J/'^Tr+Tr” decay. To com¬ 
pare with the e“''e- measurements, we calculate the av¬ 
erage of the results d HO, El, and obtain the value 
(2.43±0.26) X 10-4. Our result is larger than this average 
by 2.7 standard deviations. A comparison with the mea¬ 
surement of Ref. [3 is presented below after applying a 
correction for interference. 

To estimate the effect of interference, we represent the 
c.m. energy (E) dependence of the e+e- —>■ K^K~ cross 
section near the "0 resonance as [131 
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<^K+K- {E) = CTo 


1 - 


+ A.en’E 

(Jo u 


(Jo + (^ip 


B{'4> ^ K'^K ) + 2. —AgSmip 


W 


- 2y^a^{Aj + As cos (f) - 


T,r{m^ — E^) 


( 8 ) 


r 


where (Tq is the nonresonant cross section [Eq. ([3])], 
cr^ = (127r/m^)S(V' —>■ e+e“), A^ and Ag are the moduli 
of the single-photon and strong ij) decay amplitudes, re¬ 
spectively, (fi is their relative phase, D = m? — — imV, 

and m and E are the resonance mass and width, re¬ 
spectively. The decay amplitudes are defined such that 
B{'tp —>■ K^K~) = \A^ + Ase^'^\^. The value of the single¬ 
photon contribution is related to the kaon form factor 
through 

(9) 

where /3 is the phase-space factor from Eq. 

For narrow resonances, the interference term propor¬ 
tional to m? — E^ integrates to zero due to the beam 
energy spread in direct e+e” experiments and detector 
resolution in ISR measurements. The remaining inter¬ 
ference term has a BW shape and causes a shift of the 
measured B{ip —?> K^K~) relative to its true value by 


as B ^ B — SB before averaging, where SB is given by 
Eq. (1101) . This correction is not needed for the measure¬ 
ments of Ref. [l^, in which the J/ip mesons are produced 
in 'il^{2S) —>• J/i/;7r+7r“ decays. For tJ}(2S) decays we use 
the branching fraction values from Ref. corrected us¬ 
ing Eq. (flOl) . 

The coefficient |k| in Eqs. m is equal to the ratio 
of the neutral- and charged-kaon form factors |Er-o /Fk\- 
Data on Ej^o above 2 GeV are scarce. There are two 
measurements @,[1^ near 2 GeV, from which we estimate 
|k| = 0.28 ± 0.08, and there is only one measurement at 
higher energy, namely |k| = 0.12 ±0.04 at 4.17 GeV [s^. 
Using linear interpolation we estimate |k| = 0.2 ± 0.1 
at the mass of the J/'0 and 0.15 ± 0.07 at the mass of 
the tjj(2S). The values of the charged-kaon form factor, 
Fk{Mji^) = 0.107 ± 0.002 and Fk{M^{ 2 S)) = 0.0634 ± 
0.0014, needed to calculate A^^^ , are taken from the 
fit to our form factor data shown in Fig. [T31 


5B = 



( 10 ) 


The values of cos (p and As can be obtained from a 
combined analysis of the iIj —?> K'^K~ and ip —>■ KsKl 
decays, whose branc hing fractions depend on the same 
strong amplitude [H, [T^ 


B{il) K+K-) 
S(V' ^ KsKl) 


kA^^^~ + AsE^ 


( 11 ) 


where k is the ratio of the single-photon amplitudes for 
the if) — KsKl and ip K~ decays, and |k| = 

Ap^s^J jAp^^^ . It is expected that in the energy region 
under study, the single-photon amplitudes have the same 
sign of the real parts, and similar ratios of the imaginary- 
to-real parts |33j . i.e., k is a positive real number to a 
good approximation. 

For the branching fraction B{J/ip —?> K^K~) in 
Eqs. (fl^ . we use the average of the existing measure¬ 
ments [I, [H, [13, HH and our result. For B{J/ip —>■ 
KsKl) there are two relatively precise measurements, 
(1.82 ± 0.14) X 10-4 0 and (2.62 ± 0.21) x lO'^ [T|, 
which are not consistent with each other. We solve 
Eqs. m separately for these two values of B{J/ip —>• 
KsKl). The branching fractions measured in the reac¬ 
tions e+e” —>■ K^K~ and e+e” —>■ KsKl are corrected 


The values of ip and SB{ip —>■ K^K ) obtained us¬ 
ing Eqs. m and m are listed in Tables El and ED 
Since Eqs. CD do not allow us to determine the sign of 
sin p, the calculations are performed twice, once assum¬ 
ing sin(/9 > 0 and once assuming sintp < 0. For the re¬ 
sults in Table E the two upper (bottom) rows marked 
“BES” (“Seth et al.'") present results obtained using 
B{J/ip —>■ KsKl) from Ref. [131 (Ref. [11]). We also 
list the results obtained for k = 0, corresponding to the 
assumption Ap^^^(^ <C Ap^^^ used for most previous 
determinations of p. It is seen that allowing Ap^^^^ to 
be non-zero does not lead to a significant change in the 
results. 


For the J/ip, for which the most precise measurement 
of B{J/ip —>■ K^K~) was performed in ip{2S) decay, the 
result for cosp is weakly dependent on the sign of sini/j. 
We confirm the conclusion of Refs. [il,[i3 to the effect 
that the strong amplitude describing J/ip ^ K'^K~ de¬ 
cay has a large imaginary part. Using B{J/ip —>■ KsKl) 
from Ref. dj, a non-negligible real part of the strong 
amplitude is obtained. 

For the ip{2S), the result on cos p is strongly dependent 
on the sign of sin p. Here theoretical arguments may help 
to choose the sign. The ratio of the strong amplitudes for 
ip(2S) —>■ KK and J/ip —>• KK decays is expected [l^ 
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TABLE V: The relative phase {ip) between the single-photon and strong amplitudes for J/i/i —>■ KK decays calculated with 
K = j ^ = 0.2 ± 0.1 and k = 0, and the correction to the value of —>■ K~) measured in the reaction 

e'*"e“ —>■ K'^K~. The calculation is performed for the value of KsKl) obtained in Ref. [^, the value obtained in 

Ref. [l^. and assuming either a positive or negative value for sin</p. 


J/0 ^ KsKl 

V> 

(P(k = 0) 

JR(J/0 ^ K+K-) X 10^ 

BES [3^ 

(97±5)° 

(98±4)° 

0.13 ±0.01 


-(97 ±5)'’ 

-(96±4)° 

-0.13 ±0.01 

Seth et al. [18.1 

(111±5)° 

(108±4)° 

0.15 ±0.01 


-(109±5)° 

-(107±4)° 

-0.15 ±0.01 


TABLE VI: The relative phase (pp) between the single-photon 
and strong amplitudes for ip{2S) KK decays calculated 
with K = ^ = 0.15 ± 0.07 and k = 0, and the 

correction to the value of B{'tp{2S) —>■ K'^K~) measured in 
the reaction e'*"e“ K^K~. The calculation was performed 
for each sign of sin p. 



II 

o 

55(0(25) ^ K+K-) X 10^ 

(82 ± 12)° 

(92±9)° 

0.11 ±0.01 

-(58± 14)° 

-(57± 12)° 

-0.10 ±0.02 


to be 


AlmS)^KK) ^ 

B{iPi2S) ^ e+e-) f3HMr^i2S)) 
B{J/i;^e+e-) 


0.138 ±0.003. (12) 


The experimental value of this ratio (for J/il) we used 
Ag obtained with —?► KsKl) from Ref. [l^) is 

0.192 ±0.026 for sin(p < 0 and 0.170 ± 0.023 for sintp > 
0. The result for the positive sign is in slightly better 
agreement with the prediction. 

Using the values of 5B given in Tables |V] and I VII 
we correct the measured values of the products r('0 —>• 
e'^e~)B{'ip —>■ K'^K~) and the branching fractions and 
list the corrected values in Table IlYl 

The corrected values of B{J/tjj —>• K^K~) can be com¬ 
pared with the measurement of Ref. [l^ (2.86 ± 0.21) x 
10“^. The difference between the two measurements is 
2cr for sin(/j < 0, and Icr for sint/j > 0. Our result for 
J/ip —>■ K'^K~ thus provides an indication that sint/j is 
positive. It should be stressed that the shifts we find be¬ 
tween the measured and true values of S('0 —f K'^K~) 
are significant: about 5% for the J/il) and about 15% 
for the '0(25'). Thus the interference effect should be 
taken into account in any future precise measurements 
of the branching fraction for J/0 —>■ K'^K~ or 0(25) —>■ 
K+K-. 


VIII. SUMMARY 

The process e+e" —>■ K^K~^ has been studied in the 
K'^K~ invariant mass range from 2.6 to 8 GeV/c^ using 


events in which the photon is emitted close to the colli¬ 
sion axis. From the measured K~ mass spectrum we 
obtain the e+e" —>■ K^K~ cross section and determine 
the charged-kaon electromagnetic form factor (Table Hill) . 
This is the first measurement of the kaon form factor for 
K'^K~ invariant masses higher than 5 GeV/c^ and the 
most precise measurement in the range 2.6-5.0 GeV/c^. 
Our data indicate clearly that the difference between the 
measured form factor and the leading twist pQGD pre¬ 
diction decreases with increasing K~ invariant mass. 

We present measurements of the J/ip ^ K'^K~ and 
0(25) —>■ K'^K~ branching fractions (Table IIVI) . Us¬ 
ing the measured values of the branching fractions and 
charged-kaon form factors, and data from other exper¬ 
iments on e“''e“ —?► KsKl and 0 —?► KK decays, we 
have determined the phase difference ip between the 
strong and single-photon amplitudes for J/0 —>■ KK and 
0(25) — KK decays. We have calculated the shifts in 
the measured values of the branching fractions due to in¬ 
terference between resonant and nonresonant amplitudes 
in the e+e” —?► K'^K~ reaction. The shift has been found 
to be relatively large, about ±5% for the J/0 and about 
±15% for the 0(25), where the sign is determined by the 
sign of sin:^. 

It should be noted that the sign of sintp for J/0 decays 
can be determined experimentally from the difference, 
SBjB, between the J/0 —>■ K^K~ branching fractions 
measured in the reaction e+e” —>■ K'^K~ and in the de¬ 
cay 0(25) —>■ J/07r+7r“. We hope that this measurement 
will be performed in future experiments. 
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